A pale-pink-pigmented, Gram-stain-negative, rod-shaped, non-spore-forming bacterial strain, PP-F2F-G47
The genus Mucilaginibacter is grouped phylogenetically into the phylum Bacteroidetes and belongs to the family Sphingobacteriaceae. The genus Mucilaginibacter was first proposed by Pankratov et al. [1] and the description was later emended by Urai et al. [2] and Baik et al. [3] . Mucilaginibacter cells are characteristically described as Gram-stainnegative, non-spore-forming, non-motile rods, which are variable for catalase and oxidase activity and contain flexirubin-type pigments. Members of the genus can have a facultative anaerobic or strictly aerobic metabolism and cells produce large amounts of extracellular polymeric substances (EPS). iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 17 : 0 3-OH and for some species also summed feature 3 (iso-C 15 : 0 2-OH and/ or C 16 : 1 !7c) are the major fatty acids. The main respiratory quinones are menaquinones MK-7 and MK-6 and the genomic G+C content is in the range 42.4-46.1 mol%.
At the time of writing, the genus comprised 46 species with validated names (www.bacterio.net/ [4] ). Several species were isolated from plants, including Mucilaginibacter daejeonensis isolated from dried rice straw [5] , Mucilaginibacter jinjuensis and Mucilaginibacter gynuensis isolated from rotten wood [6, 7] , Mucilaginibacter lappiensis isolated from lichen [8] , Mucilaginibacter pineti isolated from pine wood [9] , Mucilaginibacter polytrichastri isolated from moss [10] , Mucilaginibacter vulcanisilvae isolated from volcanic forest [11] , Mucilaginibacter auburnensis isolated from internal tissue of healthy corn stem [12] and Mucilaginibacter polysacchareus isolated from the rhizoplane of the herb Angelica sinensis [13] . Recently we proposed Mucilaginibacter phyllosphaerae, which was isolated from the phyllosphere of the herbaceous plant Galium album of the same environmental research station in Linden-Leihgestern near Giessen, Germany, as the strain described here [14] .
Here we propose a novel species, which is represented by strain PP-F2F-G47
T , isolated from a pool of leaves collected from Galium album at the Environmental Monitoring and Climate Impact Research Station Linden of the Justus-Liebig University Giessen (50 32¢ N 8 41.3¢ E) in Linden-Leihgestern near Giessen, Germany. The original colony was pale pink pigmented and had a diameter of 5.0 mm. Isolation and long-term maintenance of the strain were performed as described in detail previously [14] .
The nearly full-length 16S rRNA gene of strain PP-F2F-G47
T was PCR amplified and sequenced by the Sanger method for phylogenetic identification as given by Aydogan et al. [15] . The final sequence was 1440 nt long, spanning gene termini 45-1505 (according to the Escherichia coli rrnB numbering [16] ).
EzTaxon BLAST [17] and ARB [18] analyses showed that strain PP-F2F-G47 T shared 96.2 % 16S rRNA gene sequence similarity with M. daejeonensis Jip 10 T (AB267717), 95.7 % with Mucilaginibacter dorajii DR-f4 T (GU139697) and 95.5 % with M. phyllosphaerae PP-F2F-G21
T (KU878873). The 16S rRNA gene sequence similarities to all other type strains were below 95.5 %. All pairwise sequence similarities were below the proposed threshold of 98.65 % for differentiation of two species [19] .
Detailed phylogenetic analyses were performed using the software package ARB release 5.2 [18] and release LTPs119 (November 2014) of the 'All species living tree project' database (LTPs [20] ). After an alignment with the SILVA Incremental Aligner (SINA; v1.2.11 [21] ) new sequences were imported into the database. All type strain sequences belonging to the genus Mucilaginibacter were implied for the analysis. The alignment used was checked manually for further phylogenetic analysis. Using the ARB neighbour-joining tool, pairwise 16S rRNA gene sequence similarities were calculated without evolutionary models. Three different treeing methods were applied with the maximum-likelihood method using RAxML version 7.04 [22] with GTR-GAMMA and rapid bootstrap analysis, the maximum-parsimony method using DNAPARS v3.6 [23] and the neighbour-joining method using ARB neighbour-joining with the Jukes-Cantor model [24] . The calculation of phylogenetic trees was based on 100 resamplings (bootstrap analysis [25] ) and 16S rRNA gene sequences comprising gene termini 125-1385 (E. coli numbering [16] ). The placement of strain PP-F2F-G47 T within the genus Mucilaginibacter was evident by phylogenetic analysis (Fig. 1) . Independent of the treeing method used, strain PP-F2F-G47
T formed a distinct cluster with M. daejeonensis (bootstrap support >70 %). The phylogenetic relationship to other Mucilaginibacter type strains varied among the phylogenetic trees calculated with different treeing methods.
Detailed phenotypic characterization of strain PP-F2F-G47 T was performed with cultures grown on R2A agar at 25 C for 3 days. M. phyllosphaerae PP-F2F-G21 T , isolated from the same habitat, M. auburnensis LMG 28078
T also isolated from a plant and the type species Mucilaginibacter paludis VKM B-2446 T were investigated in parallel on the same media under the same cultivation conditions.
Gram-staining was performed by the modified Hucker method according to Gerhardt et al. [26] . Cell morphology was investigated by light microscopy at 1000Â magnification with a Leica DFC 3000G microscope and glass slides covered with 2 % (w/v) agar (Becton Dickinson) that had been washed three times (each time for 20 min in pure water) and autoclaved. Cell size was measured with the LAS X (Leica) software. The presence of capsules based on EPS production was determined by contrasting a bacterial suspension with china ink; M. paludis VKM B-2446
T was used as a positive control. Cytochrome oxidase activity was tested with Microbiology Bactident oxidase test strips (Merck), and catalase activity was tested by observation of gas bubble formation after dropping 3 % (v/v) H 2 O 2 onto a fresh culture grown on R2A agar. The presence of flexirubin-type pigments was tested with the KOH method according to Reichenbach [27] . Substrate degradation was analysed with modified Bennet agar (per litre: 1 g meat extract, 1 g yeast extract, 2 g caseinpeptone, 10 g glycerine and 15 g agar, pH 7.3 [28] Temperature-, salinity-and pH-dependent growth was determined according to Aydogan et al. [14] . Further physiological properties were tested using the API 20 NE, API ZYM and API 50 CH test strips (bioM erieux) and the physiological test panel according to K€ ampfer et al. [30] , as described in detail previously [14] . The biomass used for the tests was suspended in 0.2 % (w/v) NaCl to a McFarland standard turbidity of 0.5.
Cells of strain PP-F2F-G47
T were pale pink-pigmented, rod-shaped, 2.4 (±0.5)Â0.83 (±0.1) µm in size (Fig. S1 , available in the online Supplementary Material) and produced large amounts of EPS similar to the type strain of M. paludis. Strain PP-F2F-G47
T was negative for cytochrome oxidase activity and flexirubin-type pigments, but positive for catalase activity. Optimal growth occurred between 15 and 28 C (Fig. S2 ), in the presence of 0-2 % (w/v) NaCl, and between pH 5 and 8.5, similar to other Mucilaginibacter type strains (Table 1) . Strain PP-F2F-G47
T grew well on R2A, NU, PYE, K7, LB, NA and M65 agars, slightly on TSA, CASO, malt and Columbia agar with sheep blood, but not Fig. 1 . Phylogenetic tree showing the placement of strain PP-F2F-G47 T within the genus Mucilaginibacter. The phylogenetic tree was generated with the maximum-likelihood method using RAxML with GTR-GAMMA and rapid bootstrap analysis using 100 replications and 16S rRNA gene sequences between positions 125 and 1385 (E. coli numbering [16] ). Numbers at branch nodes show bootstrap values >70 %. Nodes labelled with circles were also present in the phylogenetic tree calculated with the maximum-parsimony method. Large circles represent those nodes which were also supported by high bootstrap analysis. The type strains of Cryomorpha ignava (AF170738) and Owenweeksia hongkongensis (AB125062) were used as an outgroup. Bar, 0.01 substitutions per nucleotide position. Reduction of nitrate to nitrite
Naphthol-AS-BI-phosphohydrolase on DEV, MacConkey or MA. In contrast to M. phyllosphaerae PP-F2F-G21 T , strain PP-F2F-G47 T had a larger cell size and was negative for cytochrome oxidase, positive for catalase activity and tolerated higher salt concentrations [0-3 % compared to 0-2 % (w/v) NaCl]. In contrast to M. phyllosphaerae PP-F2F-G21
T , strain PP-F2F-G47 T showed worse growth at 30 and 37 C and on Columbia agar with sheep blood, but better growth on M65 and malt agar. In comparison with M. paludis VKM B-2446 T , strain PP-F2F-G47
T grew better on LB agar and showed growth on malt, TSA, CASO and M65 agars; in contrast to M. auburnensis LMG 28078
T , strain PP-F2F-G47 T showed better growth on TSA and CASO, no growth on DEV and slightly worse growth on Columbia agar with sheep blood. Tween 60 was hydrolysed by strain PP-F2F-G47
T as well as M. phyllosphaerae PP-F2F-G21 T and M. paludis VKM B-2446 T ; M.
auburnensis LMG 28078 T was negative for hydrolysis of any Tween compounds. Differential physiological characteristics between the novel strain and other Mucilaginibacter type strains are listed in Table 1 .
Biomass for total cellular fatty acid analysis was grown on R2A agar for 3 days at 25 C and harvested at the late exponential growth phase. Fatty acid isolation and analysis was performed according to K€ ampfer and Kroppenstedt [31] by fatty acid separation with a 5898A gas chromatograph (Hewlett Packard). Fatty acid identification from automatically integrated peaks was determined by using Sherlock MIDI version 2.1 (TSBA version 4.1). Major cellular fatty acids of strain PP-F2F-G47
T were summed feature 3 (C 16 : 1 !7c, iso-C 15 : 0 2-OH; 65.8 %) and iso-C 15 : 0 (34.2 %), as characteristic for the genus Mucilaginibacter [1] [2] [3] . Fatty acid profiles of the novel strain and the closest related type strains are listed in Table 2 .
Biomass for analyses of the diagnostic diamino acid of the peptidoglycan, quinone system, polar lipid profile, the presence of sphingolipids and polyamine pattern was grown in Table 1 . cont. 
*Data were obtained under the same laboratory conditions. †Data from: a, An et al. [5] ; b, Kim et al. [41] ; c, Chen et al. [10] .
PYE broth (w/v: 0.3 % peptone from casein, 0.3 % yeast extract, pH 7.2) at 28 C. For extraction and analysis of polyamines the biomass was harvested at the late exponential growth phase whereas all other analyses were done with biomass harvested at the stationary growth phase. Polyamines were extracted according to Busse and Auling [32] and analysed applying the HPLC conditions described by Busse et al. [33] . Extraction and analysis of quinones and polar lipids followed previously described protocols [34] [35] [36] . The HPLC apparatus used was as described by Stolz et al. [37] . The presence of alkali-stable lipids considered to be indicative for sphingolipids was analysed according to Kato et al. [38] . The presence of meso-diaminopimelic acid was analysed following the protocol of Schumann [39] . mesoDiaminopimelic acid was identified as the diagnostic diamino acid of the peptidoglycan (results not shown). The polyamine pattern was composed of the major compound sym-homospermidine ], which is very similar to the polyamine patterns of M. auburnensis and M. phyllosphaerae [12, 14] . In contrast to the genus description [1] with a combination of menaquinones MK-6 and MK-7, exclusively MK-7 was detected in strain PP-F2F-G47 T . A rather complex polar lipid profile (Fig. 2) was detected in strain PP-F2F-G47
T . It was composed of phosphatidylethanolamine, three unidentified aminolipids (AL1-3), two phospholipids (PL1, PL2), four aminophospholipids (APL1-4) and six lipids without a functional group (L1-6). Furthermore, a yellow pigment spot was visible showing highly hydrophobic chromatographic motility. This polar lipid profile was significantly more complex than that of M. auburnensis but of similar complexity to that of M. phyllosphaerae [12, 14] . In addition, numerous unidentified lipids reported to be present in M. phyllosphaerae were also found Summed feature 4 ‡ --
*Data were obtained under the same laboratory conditions. †Data from: a, An et al. [5] ; b, Kim et al. [41] ; c, Chen et al. [10] . Other feature compositions were given by Chen et al. [10] : summed feature 3 consists of C 16 : 1 !7c and/or C 16 : 1 !6c, while summed feature 4 consists of iso-C 17 : 1 I and/or anteiso-C 17 : 1 B. ‡Summed features represent groups of two or three fatty acids that could not be separated by GLC with the MIDI system. Summed feature 3 consists of C 16 : 1 !7c/iso-C 15 : 0 2-OH.
in strain PP-F2F-G47
T . Alkaline hydrolysis of the polar lipids for detection of sphingolipids revealed the presence of a ninhydrin-positive, alkali-stable spot. However, this spot was negative after staining for phosphate. Hence, this alkalistable lipid does not represent a sphingophospholipid reported to be present in the neighbouring genus Sphingobacterium [40] .
Based on phylogenetic, phenotypic and chemotaxonomic data, strain PP-F2F-G47
T represents a novel species of the genus Mucilaginibacter, for which the name Mucilaginibacter galii sp. nov. is proposed. C, and no growth at 45 C and above (Fig. S2 ). Good growth on R2A agar without NaCl or supplemented with up to 2 % (w/v) NaCl, slightly less with 3 % (w/v) NaCl and no growth above 3 % (w/v) NaCl. Good growth at pH 5-7.5, slightly less at pH 8 and 8.5, less at pH 9 and no growth at pH 10 or below pH 5. Positive for hydrolysis of Tween 60, but negative for hydrolysis of Tweens 20, 40 and 80, gelatin, adenine, casein, tyrosine, xylan, xanthine, hypoxanthine, glucose and starch after 3 days of incubation. Positive for hydrolysis of aesculin, b-galactosidase, glucose assimilation, L-arabinose, D-mannose and maltose but negative for reduction of nitrate to nitrite, indole production, glucose fermentation, arginine dihydrolase, urease, hydrolysis of gelatin, D-mannitol, assimilation of N-acetyl-glucosamine, potassium gluconate, and assimilation of capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid (API 20 NE). Positive for enzyme activity of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, b-glucuronidase, a-glucosidase, bglucosidase and N-acetyl-b-glucosaminidase, but negative for enzyme activity of a-galactosidase, a-mannosidase, T after staining with 5 % ethanolic molybdatophosphoric acid. PE, phosphatidylethanolamine; PL1-2, unidentified phospholipids; APL1-4, unidentified aminophospholipids; AL1-3, unidentified aminolipids; L1-6, unidentified lipids lacking a functional group; yPig: yellow pigment.
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